(2) have reported that when potato phosphorylase, prepared by the original method of Hanes (5), acts upon glucose-iphosphate (G-1-P) in the presence of material extracted from potatoes by 80 % ethanol, the course of the reaction may be considerably modified. It was claimed that addition of extracts from potatoes stored at 250 C reduced the color intensity of iodine complexes of the polysaccharides formed, whereas no effect was observed when extracts from potatoes stored at 00 C were added. Color intensity was measured in the Klett-Summerson colorimeter, presumably using a red filter, and it was assumed that the readings provided a valid measure of the relative phosphorylase activity of the enzyme digests under all the experimental conditions used. Accordingly it was concluded that an inhibitor of phosphorylase was present in potatoes stored at 250 C which disappeared after two to three weeks storage at 00 C. It was further suggested that the supposed inhibitor is an important factor in regulating phosphorylase action and that its absence at low temperatures accounts for the well known sweetening phenomenon. Potato phosphorylase has proved difficult to prepare free from contaminating enzymes which can act upon the polysaceharides derived from G-1-P, and Hanes showed that secondary degradation of the reaction products occurred with preparations made by the original procedure. For this reason measurement of the intensity of iodine stains alone is unlikely to provide an accurate measure of the relative phosphorylase activity of such preparations. The effects of ethanol extracts have now been re-examined, following the course of reaction by changes in the color intensity of iodine stains, by measuring the free phosphate released and as well by a study of the reaction products. The phosphatase (or a system yielding free glucose and phosphate from G-1-P) contaminant of the type of enzyme preparation used has been shown (10) to account for only a very small fraction of the free phosphate produced, so that estimates of free phosphate are likely to provide a more trustworthy guide to phosphorylase activity than are measurements of iodine stains.
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The observation that addition of ethanol extracts of potatoes stored at 250 C profoundly affects the iodine staining properties of the reaction products has been confirmed, but concurrently with the reduction in intensity of iodine stain there was an increase in the amount of phosphate released, suggesting that phosphorylase action was accelerated and not inhibited. It is considered that these effects of ethanol extracts can be attributed to two major factors, the 1 Received July 14, 1954.
presence of a naturally occurring priming material in the extracts and of a factor modifying the nature of the polysaceharide derived from G-1-P. Experiments concerning these factors are described in the present communication.
No significant difference was observed between the action of extracts from potatoes stored at 250 C and 00 C, although a large increase in sugar content occurred during the cold storage period. The results thus not only do not support the view that there is a specific inhibitor of phosphorylase in potatoes whose activity is controlled by storage temperature, but indeed suggest that phosphorylase is activated by the priming material present in all such extracts. It is recognized that an explanation of the failure to record a differential effect of temperature is not yet forthcoming. In the light of the present work the way in which alteration of the constituents of the ethanol extracts due to storage temperature might affect the course of the reactions studied would seem to depend on a number of complex interactions and much additional data is required before a definitive conclusion can be reached.
MATERIALS AND MIETHODS PREPARATION: Potatoes bought in the market were stored at 25°C and 00 C for two or three weeks. They were then cut up and lots of 100 gm macerated in a blendor after addition to 40 ml of water. The volume of the macerate was measured and ethanol was added to make a final concentration of 80 %. The material was then extracted by refluxing for two hours. The ethanol extract was filtered when cool, the ethanol removed in vacuo, and the resulting aqueous liquid again filtered. The precipitate was washed and the filtrate made up to 50 ml. In some experiments the 100-gm lots were dropped at once into boiling ethanol and heated for 30 mins. The mixture was then macerated, the ethanol concentration made to 80 % and the liquid then treated as described above. In both procedures the final aqueous liquid contained the material extracted by ethanol from 2 gm fresh weight of potato per ml. This liquid is termed E-E.
Potato phosphorylase was prepared by the method of Hanes (5) , the ammonium sulfate precipitations being made at pH 7.0. The final precipitate was taken up in 0.1 M citrate at pH 6.7 and the solution freeze dried. As required, solutions containing 12 mg/ml were prepared and used as enzyme. Such preparations contain a number of contaminants which may act upon the polysaccharide derived from G-1-P. The term "phosphorylase" action is therefore used here to denote the overall behavior of this preparation.
Fiske and Subbarow (4) . From the digests samples of 0.1 ml were withdrawn and treated as already described (10) .
Absorption by the iodine complexes of the polysaccharides was measured in the Eel colorimeter using a red filter (Ilford, 608) with transmission between 650 and 700 m,. The colorimeter readings are a measure of the relative intensity of blue color and are here termed absorption values (AV). The iodine complexes were prepared as already described (9), buit using 0.1 ml samples from the digests.
SEPARATION OF THE REACTION PRODUCTS: To 0.8 ml of absolute ethanol was added 0.2 ml of the digest and the mixture allowed to stand for 24 hours. The precipitated salts and long chain polymers were removed by centrifugation. The supernatant liquid was evaporated to dryness in vacuo, the residue taken up in 0.1 ml of water and transferred to paper for chromatographic separation. Development was effected with propanol-ethanol-water mixtures (1) and the papers sprayed with benzidine to detect the saccharides (3).
Enzyme digests were held at 300 C and at pH 7.0, an(l usually had a total volume of 2 ml. They contained 0.6 ml of 0.125 M G-1-P, 0.25 ml of 0.2 M maleate buffer pH 6.5, 0.2 ml of 0.2 % soluble starch, 0.6 ml of phosphorylase and 0.35 ml of E-E, other adlditions or water. These conditions approximate to those quoted by Arreguin-Lozano and Bonner except that the initial concentration of G-1-P was 0.037 MI, instead of 20 mg of "Cori ester" in 10 ml (0.0055 Ml, calculated assuming that "Cori ester" is the dipotassitim salt of G-1-P crystallized with two molecules of water). The amount of buffer added was not sufficient to overcome the buffering capacity of the enzyme preparation and the measured pH of the digests was 7.0. In some experiments maltopentaose was used to prime the reaction instead of starch.
EXPERIMENTAL RESULTS The effect of adding material extracted by 80 % alcohol (E-E) from potatoes stored at 25°C on the course of "phosphorylase" action is illustrated in figure 1. The primer concentration, 20 mg per 100 ml of starch is suboptimal, so that the reaction did not proceed at maximum velocity. There was a small stimulation of phosphate release by addition of E-E, indicating a priming effect (fig 1, curves la, 2a) . The presence of priming material was confirmed by adding E-E to digests from which starch was omitted, when three times as much phosphate was released in 40 min as in a parallel unprimed digest. The course of this reaction is shown in insert to figure 1. The very large effect of adding E-E upon the intensity of blue iodine stain of the polysaccharide formed (AV) is shown in figure 1 (curves lb, 2b) . The maximum AV reached in the presence of E-E was less than a third of that attained in its absence. Finally the absolute fall in AV from a low maximum after 45 min reaction time (curve 2b), when the rate of phosphate release is only beginning to fall off (curve 2a), shows clearly that the average chain length of the reaction products is somewhat rapidly reduced when E-E is present. Course of "phosphorylase" action as affected by addition of material extracted from potatoes by ethanol (E-E). Digests. 2 ml at 300 C and pH 7.0 containing 0.037 M G-1-P, 0.02 M maleic buffer at pH 6.5 (see text), 0.6 ml potato phosphorylase, 0.2 mg soluble starch, and 0.35 ml E-E or water. Curves. la and b. Controls. 2a and b. E-E added. Insert. G-1-P converted in the absence of starch primer.
The effect of adding E-E from potatoes which had been stored at 250 C and at 00 C is shown in figure 2 . Both extracts led to a small increase in the amount of phosphate released, as indicated by the symbols above the curve showing the course of phosphate release in the absence of E-E. Both extracts also led to large reductions in the AV's, but there was only a very small difference due to the storage temperature of the potatoes. The products of reaction after 3 hours, were, in the absence of EE, mainly blue iodine staining amylose, together with small amounts of maltotriose, maltose and glucose. On the basis of previous experience (10), these latter substances are considered to arise from the action of a amylase and phosphatase contaminants of the enzyme preparation. In the presence of E-E there were large amounts of glucose, fructose and sucrose in the digests derived from the Mi,u tes extract itself, a little maltose and a series of higher saccharides starting with maltotriose and extending to the starting line in the paper chromatogram. The conclusion that addition of E-E led to formation of short chain dextrins instead of amylose was thus confirmed.
Chromatograms of highly concentrated E-E revealed faint spots in the areas in which maltopentaose or hexaose might be expected to occur. Accordingly E-E from 200 gm of potato which had been stored at 00 C was evaporated to dryness in vacuo. The dry residue was exhaustively extracted with ether and then taken up in 25 ml of water. Of this solution 0.5 ml was applied to paper in a series of spots. The developed chromatogram was cut into two sections, one containing the possible maltodextrins and the other the sugars. These sections were eluted with water, the extracts evaporated and added to "phosphorylase" digests as before. The effect of adding the eluate containing the supposed maltodextrins to unprimed reaction mixtures as compared with that of adding FE is shown in figure 3 . Both extracts caused large and similar increases in the amount of phosphate released (fig 3, curves la, 2a, 3a) , but the effects upon the AV's were quite different. Addition of the complete E-E led to a small initial increase in AV, due to acceleration of the phosphorylase reaction, but the increase was soon arrested and after 75 min the AV's reached a very low maximum (fig 3, curves  lb, 2b) . The iodine stains of the polysaceharides at the maximum AV were red-brown. Addition of the fraction of E-E containing the priming material only, led to a much greater initial increase in the AV's and there was no subsequent arrest of this increase (fig 3,  curve 3b ). After two hours the polysaceharide formed stained iodine a brilliant blue. Dividing the chromatogram into two sections had thus separated the factors responsible respectively for the increase in phosphate release, and the production of short chain polymers. The latter factor was located in the section containing the sugars. In figure 4 is shown the effect of adding the eluate from the section of the paper containing the sugars (see above) to "phosphorylase" digests, in the presence of maltopentaose as primer. There was little or obtained, similar to those of figures 1 and 2 illustrating the course of reaction in the presence of E-E, but in which the maximal values varied considerably. When the maxima were low, that is the effect was greatest, they occurred after about 45 minutes, but when they were high after 75 minutes. The maximum AV's for each of the ten extracts is shown in figure 5 , together with a record of the sugars present in each digest. Owing to the rather large amounts of sugar present separation was not quite complete, and it was also observed that sucrose was slowly inverted by the "phosphorylase" preparation. Nevertheless it is at once apparent that there is little effect upon the maximum AV values in the absence of sugar containing fractions, and that the greatest effect in reducing these values occurs in the digests in which glucose was present. Accordingly the effect was examined of adding glucose in the highest concentration estimated to be present in the E-E fractions, namely 3.8 mg per digest, with the result shown in figure 6 . Comparison of figure 6 with figure 4 indicates that the effect of glucose addition was remarkably similar to that of the fraction of E-E containing sugars, namely little or no effect upon phosphate release and a large effect upon the AV's. Similar experiments adding fructose or sucrose did not exhibit any effect upon AV's. Chromatograms of samples of the digest to which glucose had been added showed the presence of maltodextrins. The marked action of glucose in limiting the length of the polysaccharide chains produced clearly could not <, 6c Qualitative tests showed that the "phosphorylase" preparation was able to act upon maltopentaose in the absence of free phosphate yielding small amounts of dextrins of sufficient chain length to stain iodine red brown. In the presence of large amounts of glucose the reverse reaction may be expected to occur, in which glucose accepts maltodextrin residues and by disproportionation lowers the average chain length of the maltodextrins. The experiment of adding glucose to a "phosphorylase" digest was therefore repeated using glucose uniformly labeled with C14. The course of reaction was similar to that depicted in figure 6 . Reaction was stopped after 3 hours by addition of ethanol to 80 % concentration. At this stage the products retained only slight iodine staining properties. Separation of the digest constituents was carried out on paper as before and the paper cut into appropriate strips at right angles to the direction of solvent flow, on the basis of guide strips treated with benzidine and of the position of areas of radioactivity. The strips were eluted with water, the eluate being delivered onto metal counting plates (7). After recording the radioactivity on the plates, the material was washed off and estimated as glucose after acid hydrolysis of the dextrins. The results are presented in In seeking an explanation of the very remarkable effect of ethanol extracts of potatoes upon the iodine staining properties of the products of "phosphorylase" action it became apparent that the major effect was indeed not upon the number of glucose residues transferred but upon the average chain length of the reaction products. Re-examination of the "phosphorylase" preparation led to the detection of two more contaminants, namely D enzyme and invertase. Since free glucose can act as an acceptor in the D enzyme system (8, 11) attention was at once drawn to the possible importance of the glucose which is added in the ethanol extracts. From the results of the experiments reported here it is now suggested that the greater part of the effect upon the chain length is due to this addition of glucose which makes possible simultaneous action of phosphorylase and D enzyme. At the outset of the reaction, when G-1-P is the substrate, polysaceharide synthesis proceeds until dextrins of sufficient chain length are present to initiate D enzyme action. Disproportionation then begins by transfer to the added glucose, leading to the formation of maltodextrins staining iodine brown or red (11). Formation of chains long enough to stain iodine blue is prevented, and when the rate of formation of new a-i: 4 links diminishes as phosphorylase equilibrium is reached the average chain length of the reaction products begins to fall (figs 1 and 2) . The final products are mainly maltohexaose, pentaose, tetraose and triose and the solution does not stain iodine. The results of table I suggest that one glucose residue is incorporated in each maltodextrin molecule. The amount of C14 involved, 41 % of the total added, requires the breaking of about 1 in 7 of the links initially formed by phosphorylase. The production of short chains cannot therefore be due primarily to amylolytic degradation of polysaccharide since in this case the dextrins would not be labeled. The presence of a small amount of labeled maltose, which cannot be attributed to D enzyme action (11) may perhaps be explained by a slow amylolysis of the first products of the transfer reaction.
There appears to be no competition between the phosphorylase and D enzyme with the particular concentrations of reactants used since phosphate release remained unaffected by the glucose addition. The amount of primer present probably exerts some effect upon the maximum chain length reached. The lower AV values found when primer level is suboptimal (cf figs 1 and 4) might simply be due to the decrease in the initial velocity of polysaccharide synthesis, without alteration of D enzyme activity. Other considerations however cannot be excluded, since it was found that if glucose was present in a "phosphorylase" digest, not containing any added primer, so that the initial reaction was very slow, it was without effect on the AV and in time amylose was synthesized. Further information is necessary to elucidate the inter-relations between primer level, glucose concentration, and the maximum average chain length reached.
The E-E from potatoes stored at 00 C had a glucose content of 10 mg/ml as compared with 3 mg/ml in potatoes stored at 25°C so that the absence of any marked difference in the effects of these extracts upon the "phosphorylase" action (fig 2) must suggest that glucose concentration was not limiting at the lower level for the small amount of D enzyme present. No data are yet available as to the effect of glucose concentrations lower than those found in these WE's on the average chain length of the dextrins formed, and the existence of further unknown factors affecting chain length is not, of course, excluded. It must be admitted that a differential effect of temperature of the type recorded by Arreguin-Lozano and Bonner (2) cannot readily be explained on the hypothesis that glucose is the major factor preventing the formation of polysaccharides staining iodine blue. Presumably glucose contents of potatoes stored at 00 C will always be higher than those of potatoes stored at 25°C. However this may be, there can be little doubt that glucose can exert a profound effect on the nature of the reaction products when "phosphorylase" preparations are contaminated with D enzyme.
The occurrence of maltodextrins in the ethanol extracts, although having only a small effect on the reactions discussed here, is perhaps of some interest, as the presence of such possible intermediates in starch metabolism has not so far as is known been reported in the potato. It is clear that only very small amounts are present and the possibility arises that they are produced enzymically during preparation of the macerates, although it will be remembered that in vitro Bennet-Clark (1) some twenty years ago showed that the rapid rise of organic acids that occurs wvhen leaves are first placed in the dark is succeeded by a slow fall which begins after about 12 hours. He also reviewed the early literature on the marked changes in the respiratory quotient which take place at this critical period, an aspect of the problem which has been the theme of much recent research especially by Thomas and his associates (6) . Wolf (14) has also examined the changes in the respiratory quotient, as well as in the acidity and the carbohydrate composition, in experiments in which leaves of succulent species have been eultured in darkness for several days.
All of these workers have found that the respiratory quotient is close to zero at the start of the dark period but rises to unity in about 12 hours.
In order to obtain additional information on the alterations which occur in the normal course of the chemical reactions on prolonged culture either in light or darkness, samples of Bryophyllum calycinum leaves have been exposed to continuous artificial illumination for 24 hours and then to 24 hours of darkness. No intervening period of gradual reduction of the intensitv of the light in simulation of twilight was em- Samples were removed at the times shown in table I, these being chosen so as to give maximal information on the anticipated changes in rate of the chemi-
